Civets, often commonly referred to as civet cats, are carnivorous mammalians from the family Viverridae. Civets occur across Africa, the Iberian Peninsula and Asia. The common palm civet (*Paradoxurus musangus*) is a species recorded throughout South and Southeast Asia, including Singapore. The common palm civet is amongst the few species of wildlife that are able to adapt to an urban habitat \[[@r19]\]. Human-animal conflict often is the result of the common palm civet's preference to reside in the roof of houses, foraging of fruiting trees in orchards or gardens, disturbances from noise and excrement \[[@r28]\]. In recent times, civet coffee or 'kopi luwak' attracted a great deal of attention for its supposed taste and value \[[@r3]\]. This led to an increase in the number of animals captured illegally from the wild and kept in poor captive conditions for civet coffee production \[[@r2], [@r3], [@r23]\].

Both physical and chemical restraints are commonly used methods of the restraint for wild civet \[[@r4]\]. The drugs and dosages for the chemical restraint of civets are based on those established for other small carnivore species such as kinkajous and raccoons \[[@r4]\]. Ketamine alone, ketamine-medetomidine, ketamine-butorphanol-medetomidine, ketamine-diazepam and tiletamine-zolazepam (T-Z) are commonly used anesthetic drug protocols for civet chemical immobilization. The anesthetic drug combination of T-Z is one of the most commonly used protocol \[[@r4], [@r16]\] for small carnivores such as civets.

Alfaxan^®^-CD RTU (Alfaxan^®^, Rutherford, New South Wales, Australia) is a neuroactive steroid molecule with the properties of a general anesthetic, which is gaining popularity in the anesthesia of domestic dogs and cats. Alfaxan^®^ comprises of alfaxalone and is a newer version of a discontinued anesthetic drug known as Saffan^®^ (Glaxovet, Harefield, U.K.), which is made up of alfaxalone and alphadolone. Alfaxan^®^ is solubilized in 2-hydroxypropyl-beta cylodextrin; a large oligosaccharide and has not been associated with histamine release \[[@r17]\]. Previously, Saffan^®^ was solubilized in Cremohphor EL, which have been reported to be associated with histamine release in cats resulting in hyperemia, edema, partial laryngeal spasm during intubation and post-operative vomiting \[[@r5]\].

The primary mechanism of action of alfaxalone is the modulation of the neuronal cell membrane chloride transport, induced by binding to the type A gamma-aminobutyric acid (GABAA) cell surface receptor, resulting in the hyperpolarization of the cells and inhibition of neuronal impulse propagation \[[@r17]\]. Alfaxalone is rapidly metabolized by the liver and has a relatively short plasma half-life \[[@r7], [@r27]\].

Premedication with medetomidine and other narcotic drugs allow for the reduction of the dosage of alfaxalone used in chemical restraint \[[@r7], [@r17], [@r18]\]. There are several documented dosages developed for the use of alfaxalone alone, or in combination with other sedative drugs such as medetomidine and azaperone in the chemical restraint and anesthesia of exotic animals and wildlife \[[@r1], [@r14], [@r25]\]. However, there is limited information on the usage of these anesthetic drugs, their efficacy and their effects in civets. The objective of this study is to determine the efficacy, cardiorespiratory effect and possible side effects of the alfaxalone-medetomidine (A-M) combination and T-Z combination in the common palm civets.

MATERIALS AND METHODS {#s1}
=====================

The study was conducted in Wildlife Reserves Singapore (WRS) adhering to the ethical and animal welfare principles and was approved by the Animal Welfare and Ethics Committee of WRS.

Civets that were rescued by non-profit organizations and governmental agencies were sent to the hospital based at the Wildlife Health and Research Centre of the Singapore Zoo for routine pre-release health assessments and biometric measurements. Upon admission, they were quarantined for three to five days before the pre-release health assessments were conducted. The civets were fasted for a minimum of eight hours prior to the health check. They were transferred from quarantine to a squeeze cage to ensure complete intramuscular administration of the drugs.

Before drug administration, the body weights of the civets were determined by weighing the squeeze cage with the animal and subtracting the weight of the squeeze cage, so that an accurate dose of the anesthetic agent was administered. The civets were randomly assigned, either into A-M or T-Z group. The A-M group received 5 mg/kg (0.5 m*l*/kg) of alfaxalone (Alfaxan^®^) and 0.05 mg/kg (0.05 m*l*/kg) of medetomidine (Domitor^®^, Orion, Espoo, Finland). The T-Z group received 5 mg/kg (0.05 m*l*/kg) of Zoletil^®^ (50 mg/m*l* tiletamine + 50 mg/m*l* zolazepam, Zoletil^®^ 100, Virbac, Carros, Frances).

Several intervals were defined and recorded during the induction and recovery periods in both groups. The time from anesthetic injection to initial sedation was recorded as the amount of time it took for the head and neck of the civets to be lowered. The time to heavy sedation was recorded as the amount of time it took for the animals to display a total loss of response to stimuli while still retaining jaw tone. The time to light anesthesia was recorded as the amount of time it took the animals to have complete relaxation of their heads, limbs and jaws with no response to handling. The civets were intubated once the plane of light anesthesia was reached. Supplementary isoflurane (Attane, Piramal Healthcare, Bethlehem, PA, U.S.A.) was administered via placement of gas mask if the civets were not sufficiently immobilized or retained jaw tone to enable intubation. Isoflurane was also administered to civets that show signs of recovery during the procedure enable safe handling of the animal. Lignocaine spray (Xylocane^®^10% Pump Spray, AstraZeneca, Cheshire, U.K.) was applied to the pharynx if laryngeal or pharyngeal reflex was still present during intubation. The first reading for heart rate (HR), respiratory rate (RR), rectal temperature (RT) and non-invasive hemoglobin-oxygen saturation (SpO~2~) were recorded immediately after intubation. Animals were considered to be hypoxemic if the SpO~2~ values are \<95% and severely hypoxemic if the SpO~2~ \<90%.

A general health assessment including a full physical examination, weighing, biometric measurements, microchipping, sexing, full body radiographs and blood collection for in-house hematology and serum biochemistry profile were conducted on the civets. For the A-M group; the anesthesia was reversed with 0.25 mg/kg atipamezole (Atipam^®^, Eurovet Animal Health B.V., Handelsweg, Netherlands). The reversal was injected into the quadriceps muscles. The civets were then placed in pet carriers for recovery. The time to removal of the endotracheal tubes, time to first sign of recovery and time to return to being ambulatory were all recorded. The endotracheal tubes were removed upon the return of the swallowing reflex in the civets. The first sign of recovery was recorded as the time taken for the civet to start responding to being handled. The return to an ambulatory state was recorded as the time taken for the civets to right themselves and start moving.

The quality of immobilization was subjectively evaluated based on the criteria described in [Table 1](#tbl_001){ref-type="table"}Table 1.Criteria used to evaluate the immobilization quality in rescued common palm civets (*Paradoxurus musangus*) anaesthetized with alfaxalone-medetomidine (A-M) or tiletamine-zolazepam (T-Z)RatingImmobilization qualityExcellentAnimal remains sufficiently immobilized throughout the health examination with good muscle relaxation, loss of jaw tone, acceptance of endotracheal tube and had no response to painful stimuli without supplementary isoflurane.GoodAnimal remains sufficiently immobilized with good muscle relaxation, loss of jaw tone, acceptance of endotracheal tube and had no response to painful stimuli, but required supplementary isoflurane during the health examination.ModerateAnimal remains sufficiently immobilized with good muscle relaxation, loss of jaw tone, and no response to painful stimuli, but required supplementary isoflurane to intubate and maintain immobilization during the health examination.PoorAnimal not immobilized and required supplementary isoflurane to intubate and maintain immobilization for the health examination..

Statistical analysis
--------------------

Data was analyzed using SPSS 17.0 (SPSS Inc., Chicago, IL, U.S.A.). The Kolmogorov-Smirnov test was used to assess data for normality. For data that was normally distributed, a parametric unpaired two-tailed *t*-test was used to assess difference between groups. If the data was not normally distributed, a non-parametric Mann-Whitney test was used. The level of significance was set at *P*\<0.05.

RESULTS {#s2}
=======

No complications were noted during the induction and recovery of all the forty civets in both the A-M and T-Z groups. However, it was noted that all twenty civets (fifteen adults and five juveniles) that received T-Z, salivated during the anesthesia. Any saliva in the laryngeal region was removed with clean gauze swab prior to intubation for the T-Z group.

For the A-M group; nineteen civets (eleven adults and eight juveniles) but one civet were rated to have 'excellent' and did not require supplementary isoflurane to place on light plane of anesthesia or to maintain the anesthesia. The single juvenile civet was rated as 'moderate' in which it was sufficiently immobilized but requires supplementary isoflurane to enable intubation as it retain jaw tone and also to maintain the anesthesia.

For the T-Z group, seven civets (six adults and one juvenile) were rated as good as these civets were sufficiently immobilized and also able to be intubated with the drug combination. Isoflurane were required for these seven civets during the procedure the civets showed signs of recovery from anesthesia such as return of jaw tone and withdrawal reflex during the procedure. Eleven civets (seven adults and four juveniles) civets were rated as 'moderate' as they were sufficiently immobilized but retained jaw tone and swallowing reflex. These eleven civets required supplementary isoflurane to enable the animal to be intubated and also for the maintenance of anesthesia. Two adult civets were rated as 'poor' in which the civet was not sufficiently immobilized and required supplementary isoflurane for immobilization, intubation and maintenance of anesthesia.

There were no significant differences in the time of induction, time to recovery and all physiological parameters between the sexes and age groups for both drug combinations. Therefore, the data from males and females, as well as adults and juveniles, were pooled for each drug combination.

Induction and recovery times are summarized in [Table 2](#tbl_002){ref-type="table"}Table 2.Induction and recovery times in minutes (min) following the administration of alfaxalone-medetomidine or tiletamine-zolazepam in rescued common palm civet (*Paradoxurus musangus*)A-M^a)^T-Z^b)^DistributionMean ± SDRangeMean ± SDRange^1^Time to Initial Effects (min)2.99 ± 1.101.63--5.132.67 ± 1.661.00--8.80NG^d)1^Time to Heavy Sedation (min)9.67 ± 1.606.32--13.8014.30 ± 11.662.80--36.03NG^1^Time to Light Anethesia (min)14.24 ± 4.279.45--31.7320.64 ± 13.63.70--38.72NG^1^Time to Intubation (min)19.17 ± 5.1412.50−36.0025.17 ± 14.077.42--45.50NG^2^Time to Extubation^c)^ (min)6.75 ± 3.082.00−15.0012.95 ± 3.997.00−20.00NG^2^Time to Initial Sign of Recovery^c)^(min)13.35 ± 2.5210.00−19.0024.79 ± 6.2815.00−40.00NG^2^Time to Ambulatory^c)^ (min)25.10 ± 5.4118.00−35.0046.89 ± 12.4828.00−69.00NGa) Alfaxalone-medetomidine, b) Tiletamine-zolazepam, c) *P*\<0.05, d) Non-Gaussian distribution. ^1^Time from anesthetics injection in both A-M and T-Z groups, ^2^Time from injection of reversal in A-M group, and time from cessation of isoflurane in T-Z group.. There were no significant differences in the time from anesthetic injection to induction and time to intubation between the A-M and T-Z groups. The time from the injection of reversal for the A-M group with 'excellent' rating except one juvenile civet from A-M group with 'moderate' rating which include time of cessation of isoflurane and the time of cessation of isoflurane for the all T-Z group to extubation, first response to recovery and ambulation were significantly (*P*\<0.05) longer in the T-Z group.

The respiratory rates, heart rates, temperature and SpO~2~ are summarized in [Table 3](#tbl_003){ref-type="table"}Table 3.The physiological parameters immediately after intubation in common palm civet (*Paradoxurus musangus*) with alfaxaolone-medetomdine and tiletamine-zolazepamA-M^a)^T-Z^b)^DistributionMean ± SDRangeMean ± SDRangeHeart rate (min^--1^)^c)^115.3 ± 28.470.0−190.0167.5 ± 40.865.0--225.0G^d)^Respiratory (min^--1^)29.7 ± 10.916.0--52.026.4 ± 8.512.0--42.0GSpO~2~ (%)^c)^90.1 ± 3.881.0--95.094.2 ± 3.189.0--98.0NG^e)^Rectal temperature (°C)^c)^37.3 ± 1.034.7--38.536.4 ± 0.834.6--38.3Ga) Alfaxalone-medetomidine, b) Tiletamine-zolazepam, c) *P*\<0.05, d) Gaussian distribution, e) Non-Gaussian distribution.. The rectal temperature in the A-M group was significantly (*P*\<0.05) higher than the T-Z group. The heart rate and SpO~2~ of the T-Z group were significantly (*P*\<0.05) higher than those of the A-M group. In the A-M group, twelve (nine adults and three juveniles) had hypoxemia and seven (five adults and two juveniles) had severe hypoxemia. The incident rate was 60% for hypoxemia and 35% for severe hypoxemia in the A-M group. A total of nine (seven adults and two juveniles) recorded incidence of hypoxemia and one juvenile civet suffered severe hypoxemia in the T-Z group. The incident rate was 45% for hypoxemia and 5% for severe hypoxemia in the T-Z group.

DISCUSSION {#s3}
==========

The present study revealed that both protocols can be used safely for the chemical restraint of civets for non-surgical procedures. However, there were significant differences in the level of immobilization and the recovery time between the two drug combinations. The A-M combination was rated to be the better anesthetic protocol compare to the T-Z combination as only one civet require supplementary isoflurane for intubation. This drug combination enabled the animals to be in a light to moderate anesthetic plane, which made intubation possible. For the T-Z combination only seven civets can be intubated without supplementary isoflurane. A total of thirteen civets still retain jaw tone and they required supplementary isoflurane to facilitate intubation. Furthermore, the T-Z combination at a dosage of 5 mg/kg was not sufficient to remove both pharyngeal and laryngeal reflex. Similar findings were reported in spotted hyenas \[[@r10]\]. Local anesthetic spray was required to remove pharyngeal and laryngeal reflexes to enable safe intubation \[[@r6]\].

The average rectal temperature of the T-Z group was found to be significantly lower than the A-M group, possibly due to the effect of zolazepam on the benzodiazepines receptors. Benzodiazepine drugs such as flurazepam and loprazepam have been reported to produce hypothermia due to full benzodiazepine receptor activation \[[@r11]\]. A similar hypothermic effect of the T-Z combination has been reported in the cynomogulus monkey \[[@r13]\].

The usage of α-2 adrenoceptor agonist has been reported in several species to cause bradycardia and bradypnea \[[@r9], [@r12], [@r21]\]. Significant differences were observed between the heart rate of the A-M group and the T-Z group, likely due to the effects of medetomidine−an α-2 adrenoceptor agonist−on the cardiovascular system. Heart rates may decrease to 50--75% in some individuals and was characterized by two or three sequential beats followed by a long sinus pause \[[@r12]\]. However, no significant reductions in the respiratory rates were noted in the A-M group. This has been reported in Bennett's wallabies using the alfaxalone and medetomidine combination \[[@r1]\]. The SpO~2~ of the A-M group was significantly lower in this study due to the depression of the cardiovascular and central respiratory canters by both alfaxalone and medetomidine \[[@r14], [@r15]\]. As hypoxemia can lead to anesthetic mortalities in wildlife, supplemental oxygen was provided to the civets via an endotracheal tube every time the SpO~2~ level fell below 90% in this study. Another possibility of the decreased SpO~2~ reading in the A-M group could be attributed to the vasoconstriction caused by α-2 adrenoceptor agonist drugs resulting in a less accurate pulse oximetry reading \[[@r20]\].

Salivation was observed in all the civets administered with the T-Z combination. Similar findings have been noted in Arctic foxes and North American river otters \[[@r22], [@r24]\]. As endotracheal tubes were utilized across both groups, excess saliva had to be removed from the laryngopharyngeal area during intubation for individuals in the T-Z group. No signs of aspiration were observed in any of the civets from the T-Z group as a result of the salivation.

The anesthetic recoveries for all the civets in both groups were noted to be smooth with no adverse reactions to the drugs during the study. However, there was a significant difference observed between the recovery times of the A-M and the T-Z groups. This may be explained by the use of atipamezole to reverse the medetomidine component of the A-M combination. Administration of atipamezole at five times the medetomidine dose in this study resulted in rapid reversal without side effects such panting, trembling or excitement, just as reported in the European mink and pole cats \[[@r8]\]. None of the animals from the A-M combination required additional atipamezole for recovery. The T-Z combination could be partially reversed with flumazenil for the zolazepam component, and it has been recorded in cheetahs to significantly shorten the recovery period \[[@r24], [@r26]\]. Flumazenil could be used to decrease the recovery period of the T-Z combination, but this was not studied here. The ability of usage reversal agent in A-M group enables clinicians to quickly revive the animal for release or to recovery animal in emergency situation during the anesthesia \[[@r12]\].

This report indicated that while both the A-M and T-Z anesthetic drug combinations can be used, the A-M combination provided better anesthetic depth compared to the T-Z combination. However, higher incidence of bradycardia and hypoxemia were observed in the A-M group due to the presence of α-2 agonist drug in the combination. The duration of the recovery time was also reduced significantly with the use of atipamezole for the A-M combination.
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